Abstract. Burns are tissue injuries caused by high temperature, chemicals or electricity. Severe burns may involve all of the organs and tissues of the human body, leading to a series of pathophysiological processes and even death. The present study reviewed the clinical data of burn patients, including cases of burn-associated death, to provide evidence for the strategy of burn prevention. Basic information from 13,205 inpatients treated between January 1, 2009 and December 31, 2016 was extracted from the database of the Institute of Burn Research at Southwest Hospital (Chongqing, China). After excluding 3,426 inpatients who were not primarily treated for burns, 9,779 patients remained; among them, 68 cases (0.7%) had died as a direct consequence of the burns. Based on baseline data, the mortality rate, total body surface area of the burn (TBSA), age, sex, cause of injury and complications were analysed. In general, males accounted for a higher percentage than female burn patients. Of the patients, 95.54% had a TBSA of <50%, and the rate of mortality of the patients was increased when the TBSA was ≥50%. The major causes of injury were scalds (41.60%), fire (26.92%) and electricity (15.29%), and the majority of victims were 14 years or younger. With improvements in burn treatment technology in recent years, burn patient mortality was significantly reduced. Complications, including multiple organ failure and severe systemic infection, may reduce the survival rate of patients. The major risk factors for death included burns resulting from explosions, as well as shock, age (aged 0-1 or ≥50 years), greater TBSA and full-thickness burn area. With increasing length of stay at the hospital, patient mortality decreased. The renewal of treatment concepts and refined patient management contributed to the shorter LOS and lower mortality in 2015 and 2016.
Introduction
Burns are a common type of injury that may cause different degrees of impairment of the body's function and appearance, thus affecting the quality of life and placing a burden on the affected patients and their family; depending on the extent and degree, they may even be life-threatening. With the substantial development of industry and transportation, the demand and use of energy, oil and coal are rising, which increases the incidence of burns. It is estimated that >10,000,000 individuals suffer from burns every year in China, and, compared with the general population, the incidence rate of burn injury is increased in the coal, petroleum, chemical and metallurgical industries (1) . According to statistics, burns are the fourth most common type of injury in the world, ranking behind traffic accidents, falls and intentional injuries. It is estimated that ~100 million people are burned every year in the world, with >10 million requiring hospitalization, and >200,000 succumbing to mortality (2).
The treatment of patients with a large total body surface area of the burn (TBSA) or a large full-thickness burn area is challenging. A burn is not only a type of local injury but also a complex systemic disease that is difficult to treat, and the associated mortality and disability rates are high. According to UK data, there are ~13,000 hospitalized burn casualties and 300 deaths annually in the UK, with a mortality rate of 2.31% (3) . The occurrence of a burn brings great trauma to the patient, their family and society, and the burden is not only physical but also psychological and economic in nature. In the previous decades, the quality of burn treatments in China has markedly improved and the survival rate of burn patients has significantly increased. However, reducing the incidence of burns has also become a practical challenge (1) .
Recently, numerous scholars have categorized burns according to patient age, including pediatric burns (4) and geriatric burns (5), the cause of injury, including electrical injury (6) and chemical burns (7) , and the location of the burn, e.g., hand burns (8) and auricular burns (9) ; however, studies providing an overall analysis are rare, and epidemiological data for burn patients vary between locations due to regional, climatic and human factors.
In the present study, 9,779 burn patients hospitalized at Southwest Hospital between January 2009 and December 2016 were retrospectively analysed. Among them, 68 deaths occurred, resulting in a mortality rate of 0.7%. After collecting relevant information, the general condition, cause of injury, burn area and complications of the burn patients were analyzed and conclusions were drawn from these analyses. An accurate determination of the degree of the burn may enable medical staff to make a more objective clinical diagnosis and effective treatment. Furthermore, a retrospective analysis of clinical cases may provide suggestions for implementing further burn prevention strategies in southwest China aimed at seasonal and regional characteristics.
Materials and methods
Clinical data. The data of burn patients (n=13,205) who were admitted to the Southwest Hospital of the Army Medical University (Chongqing, China) between January 1, 2009 and December 31, 2016 were retrieved from the hospital's Electronic Medical Record System. Patients without acute burn injuries (i.e., those with scarring, cosmetic problems or chronic wounds), were excluded (n=3,426). The medical records of the hospitalized patients were reviewed, including demographic information, causes of and factors associated with the injury, pre-hospital and hospital treatment and demographic data (age, gender, residential area, admission date and discharge date), injury-associated data (condition of the burn, etiology of burn injuries, TBSA and degree of burn), major complications and the treatment outcomes (cure, improvement, abandon treatment or death).
Statistical analysis. After the data were collected and listed using Excel 2007 (Microsoft Corp., Redmond, WA, USA), the statistical software SPSS 20.0 (IBM Corp., Armonk, NY, USA) was used to perform analysis of variance, followed by Fisher's least significant difference post hoc test and the χ 2 test between different groups. The mean ± standard deviation or the median [interquartile range (IQR)] was used to describe the dispersion of variables among the statistical data. The Mann-Whitney U-test was performed to compare two or more medians of categorical variables (age, gender, type of burn, outcome). Multivariate logistic regression analysis was used to screen for risk factors for burn patients. The χ 2 test was used for pairwise and multi-group comparisons. P<0.05 was considered to indicate a statistically significant difference.
Results
General analysis. During the period from 2009 to 2016, 13,205 burn patients were admitted to the Burn Research Institute of Southwest Hospital of the Army Medical University (Chongqing, China). After excluding 3,426 inpatients who were not mainly treated for burns, 9,779 patients were retained. Among them, 6,560 (67.1%) were male and 3,219 (32.9%) were female. The burn patients covered each age group, with those aged 25-49 years accounting for the largest proportion at 36.1%. The patients were mainly from Chongqing, followed by Sichuan and Guizhou. The median and IQR of the length of stay was 17 (8-33) days. The group aged 0-1 years included almost the same number of patients as that of the group aged 2-14 years. According to a statistical analysis, the mortality rate was only 0.7%. The medians and IQRs of the TBSA and full-thickness burn area for all patients are presented in Table I . When formulating a burn prevention strategy, it is required to consider not only the characteristics Analysis of the burn patients regarding gender and age. The 0-10-year-old group had the largest number of burns and included more males than females (Fig. 1 ). In the 0-1-year-old age group, no significant difference was observed among the patients in terms of gender and causes of injury. In the group of patients aged ≥2 years, significant differences in the cause of the burn between different genders were identified (Table II) . With the increase in age, the number of patients with burn injuries decreased. Of note, 2,637 male patients and 898 female patients were included in the 25-49-year-old group. As presented in Table II , the number of male burn patients was higher than that of females. After dividing the patients into 5 different age groups, a significant difference in the cause of injury by gender in the 0-1-year-old age group was identified, while significant differences were present in the other age groups (P<0.01; Table II ). Analysis of the TBSA by gender revealed no significant differences (P>0.05; Table III) .
Analysis of the TBSA. Among all of the hospitalized patients, the minimum TBSA was 0.1% and the maximum TBSA was 100%. The groups with a TBSA of 0-5 and 6-15% included more burn victims but fewer deaths compared with those in the groups with a higher TBSA. With the increase in the TBSA, the number of deaths increases gradually (Table IV) . The number of deaths increased significantly when the TBSA was >50%, although the number of cases in that group was lower than that in the groups with a lower TBSA.
Association of TBSA with the cause of burns and length of hospital stay (LOS).
Scalding, flame and electricity were the major causes of burn injury, followed by solid materials and hot steam. A significant difference was identified in the TBSA between different burn types and in-hospital mortality (Table V) . Other causes of burns mainly included infrared, ultraviolet and high-temperature dust (data not shown). Among all causes of burn injury, the death rate of patients with chemical burns was highest, as the burn degree was deeper and the complications were more serious (results not shown) (10) . Recently, with the renewal of treatment concepts and the refinement of the management of burn patients, the importance of the LOS of burn patients has gradually been emphasized These new treatment concepts and patient management contribute to the shorter LOS and lower mortality in 2015 and 2016 (Fig. 5) .
Analysis of the causes of death. Clinicians face numerous difficulties when treating burns. The factors that may affect the survival of burn patients include widespread complications, patient age, burn area and tolerance to injury. As determining the sole cause of death for a patient is difficult, the present study focused on the patients who succumbed to mortality Among all of the cases that resulted in death, sepsis and organ complications (internal organ failure and bleeding) were the most common and major causes, although in certain cases, death occurred due to mild inhalation injury and shock. Statistical analysis indicated that the patients with more complications also had higher mortality rates. For instance, 29.41% of the burn patients with two types of complication died, while the mortality rate was 60.29% for the burn patients with three types of complication (Fig. 6 ). However, with the improvement in medical treatment and the high quality of nursing technology, a decline in the number of deaths induced by sepsis and organ complications has been observed. Risk factors for death of burn patients. The three major complications in burn patients are inhalation injury, shock and infection. In the present study, shock was selected as an index for multivariate analysis. Infection is mainly a matter that requires the attention of medical staff. In addition, certain studies have expressed doubt regarding inhalation injury as a prognostic factor in burn patients; prior to the popularization of the fibrotic bronchoscope at our institution, the diagnosis of inhalation injury mainly relied on the clinician's experience, this subjective assessment can sometimes be controversial (11) . Therefore, inhalation injuries as an index affecting the risk of mortality of burn patients were not included. First, single-factor analysis was used to screen and reassign multiple variables associated with death. Subsequently, the variables were subjected to analysis with multivariate logistic regression models. Next, the fitting method was used to screen six risk factors associated with burn-associated death. After sorting the factors according to their odds ratio, it was revealed that explosion, shock, age, TBSA and full-thickness burn area were risk factors for burn injury-associated death (Table VI) . As presented in Table VII , patients injured by an explosion had the highest OR. Therefore, the mortality rate of these patients is higher (12-14) ; indeed, the mortality rate of burn patients injured by explosions was reported to be 38.46% (15) . With the increased LOS, the patient mortality decreased (regression coefficient, -0.020; P<0.001).
Discussion
There are certain limitations of the present study. For example, the protocol did not assess the degree of the burns. Secondly the study only analyzed a single burn treatment center, thus the analysis results may only represent the situation of burns in a certain area. Whether the findings can be popularized and used nationwide remains to be discussed.
Retrospective analysis of patients' medical records from a hospital's database may not only provide summaries to improve the treatment technology, but also a reference for the formulation of burn prevention strategies in the future. Of note, the present study indicated that the number of male burn patients was higher than that of females, which may be due to differences between male and female occupations and activities. Therefore, when formulating burn prevention strategies, age factors should also be distinguished. After 2 years of age, children begin to attend early childhood classes and kindergartens, and teachers should perform burn prevention education as a strategy to reduce the number of burn injuries. Furthermore, the present study indicated that the proportion of burn patients in the 25-49 year-old group was higher than the other four groups, perhaps due to the greater exposure of these people to certain heat sources and the resulting increase in the probability of contracting burn injuries, whereas the number of children with scalds was much higher, and therefore, enforcement of post-school safety education is particularly important. In addition, a risk factor analysis may provide guidance for clinical treatment (16) .
In the present study, statistical analysis of the clinical data suggested that the patients hospitalized at Southwest Hospital (Chongqing, China) mostly lived in Chongqing and Sichuan province of China. Chongqing is also known as the 'mountain city'; the resident population is mainly composed of individuals native to this area. Previous epidemiological studies on burn injuries in southwest China, which has unique climatic characteristics, are relatively rare. The Burn Research Institute of Southwest Hospital (Chongqing, China) is the largest burn treatment center in southwest China and has treated a large number of cases that basically reflect the epidemiological characteristics of burn patients in this area (8, 17) . Therefore, the present study provided an epidemiological analysis of inpatients with burns in southwest China treated from 2009 to 2016 in order to provide suggestions for the further improvement in the treatment as well as the prevention of burns. With increases in the TBSA, complications were more serious, and the treatment difficulty and the mortality rate gradually increased. Among all of the inpatients treated from 2009 to 2016, the mortality rate was 0.7%, which indicated a significant decline compared with that of mortality rates reported previously (18) . With the increase of years, the number of severely burned patients exhibited a downward trend. This result suggests that with recent improvements in burn treatment technology and in the meticulous care of burn patients, the effect of treatment and the overall survival rate have improved. Simultaneously, due to the popularization of knowledge about burns and first-aid techniques, intervention (e.g. cooling) may occur in a more timely manner, leading to a reduction in the severity of burns and the mortality rate.
The mortality of hospitalized burn patients in developing countries, except China, is inconsistent, but overall, it is significantly higher than that in developed countries. Statistics indicate that the fatality rate of hospitalized burn patients ranges from 25.9-43.9% in Iran to 28.4% in Kuwait, 33.5% in Turkey, 27% in Sri Lanka, 7.4% in Saudi Arabia, 16% in Afghanistan, 19.7% in India and 62% in Pakistan (19, 20) . According to recent statistics from a Turkish study, the overall fatality rate of 2,713 burn patients admitted to their unit was only 0.9% (19) . In 2000, the burn-associated mortalities was ~1.36/10 million for males and 1.28/10 million for females (20) . Differences in mortality of burn patients based on gender were observed due to males and females having significantly different burn tolerances. More importantly, men are more commonly exposed to heat sources than women, and men engage in more dangerous occupations and tend to be less cautious, suggesting that gender is a factor that accounts for burns (21) .
Analysis of the causes of the burn injuries revealed that the majority of injuries were caused by different types of flame burns and hot liquids or vapor (~40%), followed by chemical burns (liquefied gas explosion); these results are similar to those of a previous study (22) . Patients aged <15 years may have experienced burns mostly due to their curious behavior and poor self-control, or due to the negligence of adults. With the increase in age, the number of patients with burn injuries decreased, likely due to the growing awareness of the risk of burns. In addition, scalds, which accounted for the largest proportion of burns in this age group, mainly resulted from hot liquids, including hot water, rice porridge and soup (23) . Although the incidence rate was high for children, the mortality rate was relatively low. Patients who died of burns were mostly aged 18-59 years, while children and elderly patients less frequently contracted deadly burns. This result may have been due to the fact that individuals aged 18-59 years are more likely to encounter complex environments with an increased risk of being burned. Therefore, the majority of severe burn patients included young adults and middle-aged individuals, and the mortality rate was higher in the young and middle-aged group than that in children and elderly individuals (22) . The present results indicated that children are a major high-risk group in terms of severe burns, which is similar to previous results regarding severe burns in Europe (24) . Children with poor self-protection ability and insufficient protection provided by caregivers frequently suffer burns, which should attract widespread attention. Children mainly suffer scalding burns from hot liquids, including hot water, porridge or soup due to curiosity and a poor self-control ability regarding touching objects of interest. Furthermore, the group of 31-50 year-old males with burns comprised a large risk group due to their complex daily living and working environment, which may have increased the possibility of contracting burns. With the increase in age, particularly for middle-aged patients, the function of tissues and organs of the whole body gradually decreased. When the TBSA was <50%, more burn patients affected and fewer deaths were noted. When the TBSA was >50%, the risk of poor outcome was higher. Furthermore, when complications were present, the proportion of deaths was significantly increased, indicating that the methods used to treat patients with a large TBSA or large full-thickness burn area require to be improved (22) .
According to the cause of injury analysis, the major causes of burns were flames and hot liquids (~69%), followed by electricity, chemical burns and explosions; these results were similar to those reported by previous epidemiological studies (25) . The incidence of burns was increased in Spring and Summer; one possible reason for this is that thin clothes are worn in the warm weather associated with these seasons, and the cooling time for scalds solutions is prolonged, which may lead to more exposure and a larger burn area after contact with heat and flames. Through further analysis of the causes of burn incidents, we found that more mosquitoes are present in mainland China in the Summer, and mosquito repellent incense is commonly used to repel mosquitoes, which may accidentally ignite clothing, furniture and electrical equipment, and eventually lead to the occurrence of burns.
As an active advocate for the prevention of burns and contributor to the advancement of burn treatments, China has published a similar epidemiological analysis of burn patients to that provided by the present study (26) . However, the present study is different from the previous one and has provided novel insight into the epidemiology of burn injury and the efficacy of burn wound management. First of all, the present study contains more data, leading to higher statistical power and allowing for more objective conclusions. Compared with the previous study, further parameters were analyzed; in addition to a summary and analysis of clinicopathological patient characteristics, including patient age, sex, burn area and LOS, the present study also assessed the influence of shock, inhalation injury and complications on the outcome. Furthermore, the present study indicated that there was no statistically significant difference in the causes of burns between males and females in the group aged 0-1 years, but in the group aged ≥2 years, there was a statistically significant difference in the causes of burns between males and females. In addition, the proportion of burn patients in the 25-49 year-old group was higher than the other four groups, which may be helpful to formulate prevention and treatment strategies for burns. In addition, significant differences in the TBSA were identified between patients of different ages, which may also provide clues for developing a strategy to prevent burns. At last, in the analysis of risk factors, it was revealed that shock was positively associated with the risk of death of patients with burn injury, while the LOS was a protective factor for the death of burned patients. Furthermore, it is indicated that in 2015/16, the LOS was low and the mortality also, but this was due to different treatment/patient management. It may be reasonable to state that this association cannot be fully proven based on the present data due to inhomogeneous treatment and that this may require elucidation in the future.
In the present study, the clinical data of burn patients treated at Southwest Hospital (Chongqing, China) were retrospectively analyzed. A logistic regression analysis model was used to identify factors associated with death. Explosion, shock, age, TBSA and full-thickness burn area were identified as risk factors for death from a burn. For burn patients after admission, it is therefore important to actively control and deal with the above risk-factors to reduce the incidence of burn-associated mortality. Since the present study is a single burn center study, it has certain shortcomings. Thus, further studies with a larger sample size at multiple centers and levels are required in the future.
According to analyses of the causes of death in recent years, sepsis, single or multiple organ failure and inhalation injury remain the three leading causes of death due to burns. Apart from injuries to the skin or other deeper tissues, burn patients also suffer from inhalation injuries and pathological or physiological disorders that may impair the normal function of organs, which increases the difficulty of clinical treatment (27) . Most burn patients suffer from mucosal damage, congestion, edema or lung parenchymal damage due to thermal factors and smoke. In addition, head and neck skin injuries lead to subcutaneous tissue swelling and pressure accompanied by mild inhalation injury or shock, which aggravate the severity of the illness (28) . With the increased understanding of inhalation injury and shock, and the improvement of prevention and control measures, great progress has been made in the overall treatment quality, and these injuries are no longer the direct cause of death due to burns (16) . However, these complications may cause body tissue ischemia, internal disorders and immune dysfunction resulting in organ failure, which largely hinders the improvement and recovery of burn patients and may even be life-threatening. Under such circumstances, vasoactive substances should be immediately applied to these patients to improve the condition of visceral organs (29) . The airways and lungs of burn patients are frequently damaged; failure to clear off exfoliated or necrotic mucosa and secretions may induce severe lung infection due to pathogenic bacteria commonly present in hospitals, including Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli. The healing times for patients with severe burn wounds are prolonged due to their exposure to the environment, which increases the risk of infection and threatens the lives of patients (30) . Therefore, the reasonable use of antibiotics as effective anti-infection treatment methods is important, which is also supported by the results of the present study. In addition to rescue during the shock period, the focus of clinical work should include improvement of the treatment of infection and subsequent complications to reduce the mortality rate of severe burn patients.
